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(57) [Abstract] 

[Technical problem] This invention aims at offering the transmission 
line suitable for demonstrating a low loss transmission characteristic 
about the transmission line used with a RF band, and its manufacture 

approach. 

[Means for Solution] The transmission line 1 is equipped with the low 
dielectric constant ingredient section 11 as the 1st dielectric which 
forms the three-dimensions period structure which bears work of a 
predetermined cut-off frequency band, the high dielectric constant 
ingredient section 12 as the 2nd dielectric, and the waveguide field 13 
that does not hold a predetermined cut-off frequency band as a main 
component. The 1st and 2nd dielectrics are formed with the dielectric 
materials containing a ceramic ingredient. 
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CLAIMS 



[Claim(s)] 

[Claim 1] The transmission line characterized by providing the following 
The 1st dielectric which has the 1st specific inductive capacity The 2nd 
dielectric which has said 1st specific inductive capacity and the 2nd 
different specific inductive capacity Periodic structure which arranged 
said 1st and 2nd dielectrics with the predetermined period The 
predetermined cut-off frequency band prescribed to prohibit propagation 
of a predetermined electromagnetic wave based on said the 1st and 2nd 
specific inductive capacity and said periods with a RF band 
[Claim 2] It is the transmission line which is the transmission line 
according to claim 1, and is characterized by said periodic structure 
being the three-dimensions period structure where said 1st and 2nd 
dielectrics were arranged to three dimensions with the predetermined 
period. 



[Claim 3] It is the transmission line characterized by being the 
transmission line according to claim 1 or 2, and forming said 1st and 
2nd dielectrics with the dielectric materials containing a ceramic 
ingredient. 

[Claim 4] It is the transmission line characterized by being the 
transmission line according to claim 3, and coincidence baking being 
possible for the dielectric materials of said 1st and 2nd dielectrics. 
[Claim 5] The transmission line characterized by including the 
transmission field in which it is the transmission line given in claim 1 
thru/or any 1 term of 4, and said periodic structure is not formed. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the transmission line 
used mainly with a high frequency band (a microwave band, a 
submillimeter wave band, a millimeter wave band, or a Submillimeter band 
shall be included in this application). 

[0002] This invention uses and is suitable for the transmission line 
which has the predetermined cut-off frequency band which constitutes the 
resonator used in a satellite communication device, mobile communication 
equipment, a radio device, RFs and ultrahigh frequency communication 
equipment, those base stations, etc. and an oscillator, a directional 
coupler, a fork road, a filter, the circuit board for IC, etc. 
[0003] 

[Description of the Prior Art] The transmission line is used as a basic 
technique which constitutes a resonator, a filter, etc. from a microwave 
band in the RF and ultrahigh frequency communication link covering a 



submillimeter wave band, a millimeter wave band, and a Submillimeter 
band. With the microwave band, a stripline, a KOPURENA track, or a 
TORIPU rate track is widely used for this transmission line, and the NRD 
track is used for it in the millimeter wave band. 
[0004] In the conventional microwave band transmission line, the 
stripline, the KOPURENA track, and the TORIPU rate track are constituted 
by forming in the front face or the interior of a polymer ingredient or 
a ceramic ingredient the electrode which consists of metals, such as 
copper (Cu) and silver (Ag), for example as indicated by ''microwave'^ 
(University of Tokyo Press, 1983). In the millimeter wave band, in the 
Japan patent No. 2692328 official report, as shown in drawing 10 , the 
NRD track which consists of a configuration which put the dielectric 
strip 82 in the metal section 81 is used as the transmission line, for 
example. 

[0005] On the other hand, photograph nick Crystal with a photograph nick 
band gap aims at the application to the optical waveguide for optical 
transmission systems, an optical filter, etc., and the example in which 
the refractive-index change field was formed is indicated by JP, 11- 
218627, A. 
[0006] 

[Problem (s) to be Solved by the Invention] However, in a stripline or a 
KOPURENA track, since the electrode for transmission is arranged on the 
external surface of the dielectric section, there is electromagnetic- 
field radiation loss of a under [ exterior air ], and there is a problem 
that loss of the whole transmission line is large. Moreover, since the 
track for transmission which electromagnetic field are concentrating is 
exposed to external surface, it is easy to be influenced of an external 
world noise. 

[0007] Although the above-mentioned problem is not generated in a TORIPU 
rate track, in order to form an electrode in the interior of a 
dielectric, an opening, a crack, and delamination arise from generating 
of an electrode and a dielectric interface reaction, or atomic diffusion 
arises, and there is a problem which the quality of a product does not 
fix. Moreover, to use a ceramic ingredient to the dielectric section, 
the time and effort which develops separately the dielectric which can 
be sintered precisely is required of low temperature which an electrode 
does not fuse. 

[0008] In the NRD track, since there are many configuration members, 
assembly has taken high cost. Moreover, the demerit that a transmission 
characteristic becomes unstable also exists from assembly variation. It 
is unsuitable for integration from the format of combining a separate 



metal plate and a dielectric strip, and since the combination with other 
devices is difficult, constraint is added to the product development of 
high frequency and an ultrahigh frequency module. 

[0009] Since all the transmission lines of a stripline and a KOPURENA 
track, a TORIPU rate track, and a NRD track consist of the dielectric 
section and the metal section, not only the dielectric loss originating 
in dielectric materials but the metal loss by the metal section is added 
to the transmission loss. Moreover, since a metal with large specific 
gravity is contained, there is also a trouble that a device becomes 
heavy, 

[0010] About photograph nick crystal, all the present techniques are for 
optical communication, and the semi-conductor is used for the ingredient 
and they have the problem that the wavelength compaction effectiveness 
will be small to use with the low dielectric constant property to a high 
frequency band and an ultrahigh frequency band, and a device will become 
large. Furthermore, between semiconductor materials, since the ratio of 
specific inductive capacity is small, the cut-off frequency band in a RF 
band and an ultrahigh frequency band will become narrow. For example, 
the silicon (Si) of 12.0 and specific inductive capacity are slightly 
obtained [ the ratio of one 1. 1 times the specific inductive capacity of 
this ] for specific inductive capacity between the gallium arsenide 
(GaAs) of 13. 1, moreover, the combination of for example, an ion- 
exchange method and an ultraviolet radiation exposure, a 
photolithography, and reactive ion etching is needed for photograph nick 
Crystal formation as a semi-conductor process, and very complicated — 
and — high — the cost production process is demanded. 
[0011] The purpose of this invention is to offer the transmission line 
suitable for demonstrating a low loss transmission characteristic. 
Moreover, the purpose of this invention is to offer the transmission 
line which can manufacture often [ repeatability ] and cheaply the 
transmission line suitable for demonstrating a low loss property. 
[0012] 

[Means for Solving the Problem] The 1st dielectric with which the above- 
mentioned purpose has the 1st specific inductive capacity, and the 2nd 
dielectric which has said 1st specific inductive capacity and the 2nd 
different specific inductive capacity. It is attained by the 
transmission line characterized by having the periodic structure which 
arranged said 1st and 2nd dielectrics with the predetermined period, and 
the predetermined cut-off frequency band prescribed to prohibit 
propagation of a predetermined electromagnetic wave based on said the 
1st and 2nd specific inductive capacity and said periods with a RF band. 



It is the transmission line of above-mentioned this invention, and said 
periodic structure is characterized by being the three-dimensions period 
structure where said 1st and 2nd dielectrics were arranged to three 
dimensions with the predetermined period. 

[0013] Moreover, it is the transmission line of above-mentioned this 
invention, and said 1st and 2nd dielectrics are characterized by being 
formed with the dielectric materials containing a ceramic ingredient. 
Furthermore, the dielectric materials of said 1st and 2nd dielectrics 
are characterized by coincidence baking being possible. Moreover, it is 
the transmission line of above-mentioned this invention, and is 
characterized by including the transmission field in which said periodic 
structure is not formed. 
[0014] 

[Embodiment of the Invention] The transmission line by the gestalt of 1 
operation of this invention is explained using drawing 1 thru/or drawing 
9 . First, the configuration of the outline of the transmission line by 
the gestalt of this operation is explained using drawing 1 and drawing 
2 . Drawing 1 is the perspective view showing an example of the 
transmission line equipped with the three-dimensions period structure of 
having a predetermined cut-off frequency band concerning the gestalt of 
this operation, and drawing 2 shows the cross section cut by the A-A' 
line of drawing 1 . 

[0015] The transmission line 1 by the gestalt of this operation is 
equipped with the three-dimensions period structure of having a 
predetermined cut-off frequency band. The transmission line 1 is 
equipped with the low dielectric constant ingredient section 11 as the 
1st dielectric which forms the periodic structure which bears work of a 
predetermined cut-off frequency band, the high dielectric constant 
ingredient section 12 as the 2nd dielectric, and the waveguide field 
(transmission field) 13 that does not hold a predetermined cut-off 
frequency band as a main component. Moreover, you may make it use the 
low dielectric constant ingredient section 11 as the 2nd dielectric, 
using the high dielectric constant ingredient section 12 as the 1st 
dielectric, as shown in drawing 4 . 

[0016] The transmission line 1 by the gestalt of this operation here 
explains the principle which a predetermined cut-off frequency band 
generates. In a RF and an ultrahigh frequency band, in a vacuum, when 
the electromagnetic wave of wavelength lambda spreads the inside of the 
matter of specific-inductive-capacity epsilongamma, the wavelength 
compaction effectiveness will happen and it will actually be transmitted 
as a wave of lambda/rootepsilongamma. If the boundary condition of a 



period a exists in this matter, when fulfilling the following conditions, 
the Bragg reflection by which an incident wave is erased by the 
reflected wave inside will occur. 

[0017] 

[Equation l] 
^=2fl (1) 

[0018] As for the electromagnetic wave which has the above wavelength in 
[ this matter ] three dimensions with the dielectric with which specific 
inductive capacity differs if periodic structure was formed, the 
propagation to all directions is intercepted. That is, it is [0019] when 
the matter has the boundary condition of a period a to x, y, and all the 
directions of z. 
[Equation 2] 

/-— ^ (2) 

[0020] ******** can already exist as a wave. However, c is the velocity 
of light. Thus, the cut-^off frequency band which prohibits all 
propagation to all the directions in the matter can be made by forming 
the periodic structure of three dimensions with the dielectric with 
which specific inductive capacity differs, and controlling the period 
and specific inductive capacity. The above is theoretically considered 
from a mask well equation. The following equation which described 
electromagnetic field [0021] 
[Equation 3] 
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[0022] since ****** is considered 
[Equation 4] 

^E(r,t) (4) 

c ot 



[0023] **********. Since three dimension periodic structure is 
considered, to this matter, the same Bloch' s theorem as the usual 
crystal is materialized, and it is the primitive translation vector 
[several 5] of a periodic lattice. 

a 

It is alike, it receives and is [0024]. 
[Equation 6] 

+ fl) = Vi„(a) (5) 
(SUV nmmmniT'yi^^}}^ 

If a ******** vector valued function is used, the eigenfunction of a 
formula (3) will be [0025]. 
[Equation 7] 

^k,(r) -v^(r)exp( ik r) (6) 

It can express. It is here and is [0026]. 
[Equation 8] 

k 

[0027] The wave vector in a ****** Brillouin zone and n are integers 
which specify a band. Wave vector [several 9] 

k 

It is shown by the formula (7) and the conditions of Bragg reflection 
for ******** to start diffraction are [0028], 
[Equation 10] 

[0029] Wave vector [several 11] 



**, [Equation 12] 
2 



k = ±LG^±!!^ (8) 



[0030] It becomes. Here, three-dimensions period structure is considered 
to be a crystal the same way, and it is a vector [several 13]. 

G 



It is ****************. When Bragg reflection occurs one after another, 
a wave will be in the condition of a standing wave which can progress in 
no direction, and this standing wave is the following two progressive 
waves [0031]. 
[Equation 14] 
exp( iic ' r ) 

exp( -iic ' r) 

[0032] It can think by When this progressive wave exists 

in the periodic structure by the dielectric with which specific 
inductive capacity differs in three dimensions, those potential energy 
will differ and the cut-off frequency band equivalent to the band gap of 
a crystal which prohibits propagation of an electromagnetic wave will be 
produced. 

[0033] Now, a ceramic ingredient, a glass composite material, etc. which 
have the property that specific inductive capacity is low are used for 
drawing 1 and drawing 2 by return and the low dielectric constant 
ingredient section 11. Since it is so advantageous that the ratio of the 
specific inductive capacity of the low dielectric constant ingredient 
section 11 and the high dielectric constant ingredient section 12 is 
large in order to form a broadband cut-off frequency band, the specific 
inductive capacity of the low dielectric constant ingredient section 11 
is so good that it is small. Although it is not impossible to use the 
air whose specific inductive capacity is 1,0 as the low dielectric 
constant ingredient section 11, either, a glass subject's dielectric 
materials are used in consideration of the dependability and 
reinforcement of a product. For example, the BaO-Si02-aluminum203-B-203 
system ingredient proposed by Japanese Patent Application No. No. 091941 
[ 11 to ], a Si02 system ingredient, a B-203 system ingredient, a 2 MgO- 
Si02 system ingredient, an aluminum203 system ingredient, an 
aluminum203-Ti02 system ingredient, a Zr02 system ingredient, etc. are 
preferably used from the low dielectric constant and low dielectric loss. 
[0034] A ceramic ingredient, a glass composite material, etc. which have 
the property that specific inductive capacity is high are used for the 
high dielectric constant ingredient section 12. As mentioned above, in 
order to form a broadband cut-off frequency band, the specific inductive 
capacity of the high dielectric constant ingredient section 12 is so 
good that it is large. For example, the BaO-Nd203-Ti02-B-203-Zn02-CuO 
system ingredient and aluminum203-Ti02 system ingredient which were 
proposed by Japanese Patent Application No. No. 70005 [ 11 to ], A Ti02 



system ingredient, a BaO-Bi203-Nd203-Ti02 system ingredient, A BaO- 
Bi203-Nd203-Ti02-SrTi03 system ingredient, A BaO-PbO-Nd203-Ti02 system 
ingredient, a BaNd2Ti5014 system ingredient, A BaSm2Ti5014 system 
ingredient, a Ba(Zn, Nb) 03 system ingredient, a BaTi409 system 
ingredient, A Ba2Ti9020 system ingredient, a TiO(Zr, Sn) 4 system 
ingredient, a Ba(Zn, Ta) 03 system ingredient, a Ba(Mg, Ta) 03 system 
ingredient, a MgTi03-CaTi03 system ingredient, etc. are desirable 
especially from the high dielectric constant and low dielectric loss. 
[0035] Since the waveguide fields 13 are parts other than periodic 
structure, they do not have a predetermined cut-off frequency band. 
Therefore, what kind of ingredients, such as a ceramic ingredient and a 
glass composite material, may be used for the waveguide field 13. 
Preferably, the ingredient which holds a low dielectric loss property in 
the propagation frequency of the transmission line is advantageous 
because of the field which bears propagation of an electromagnetic wave. 
When it takes manufacturing cheaply into consideration, it is desirable 
to overlap and use the ingredient of the low dielectric constant 
ingredient section 11 or the high dielectric constant ingredient section 
12 for the waveguide field 13. 

[0036] In order to maintain a cut-off frequency band at stability, and 
in order to abolish the temperature dependence of a transmission 
characteristic, the specific-inductive-capacity temperature coefficient 
of the low dielectric constant ingredient section 11, the high 
dielectric constant ingredient section 12, and the waveguide field 13 
has a desirable direction near zero. In that case, the transmission line 
which covers a large temperature requirement and can guarantee the 
stable frequency temperature characteristic can be supplied. However, it 
is not this limitation when it equips with the device in which a 
temperature drift is compensated outside even when the temperature 
stability of the low dielectric constant ingredient section 11, the high 
dielectric constant ingredient section 12, and the waveguide field 13 is 
bad. 

[0037] In the transmission line 1 equipped with the three-dimensions 
period structure of having the predetermined cut-off frequency band 
produced by the above-mentioned configuration Since electromagnetic wave 
invasion into periodic structure is prohibited when the frequency in a 
predetermined cut-off frequency band formed from the periodic structure 
by the low dielectric constant ingredient section 11 and the high 
dielectric constant ingredient section 12 spreads, it will concentrate 
to the waveguide field 13 and all electromagnetic waves will be spread 
along this waveguide field 13. Therefore, the low loss transmission line 



which any radiation loss other than the transmission line does not 
generate is obtained. Moreover, since it is possible to produce the 
waveguide field 13 in the closing structure which does not touch the 
exterior, it is influenced [ no ] of an external world noise. 
[0038] In addition, according to the structure of the gestalt of this 
operation, since the indispensable metal-electrode section is not used 
in the conventional transmission line, metal loss does not contribute to 
loss of the transmission line, but efficient transmission is attained, 
furthermore, since the metal-electrode section is not contained, the 
opening and crack which an interface reaction does not generate between 
a metal electrode and a dielectric and in which counter diffusion does 
not occur, or delamination generates and is lightweight — etc. — an 
advantage is mentioned. A device product can be supplied now with stably 
and sufficient repeatability according to these descriptions. 
[0039] In addition, since the transmission line 1 by the gestalt of this 
operation calcinates a dielectric of a different kind at once as 
compared with the NRD track shown in drawing 10 and it can produce (it 
is said that coincidence baking is possible), there are few component 
parts, and since it does not need like an erector, it is the description 
that a stable product is also easily [ cheaply and ] producible. 
[0040] Since the transmission line 1 by the gestalt of this operation is 
easy to integrate, it can be applied by making the transmission line 
into the basic configuration section to a resonator, an oscillator, a 
directional coupler, a fork road, a filter, the circuit board for IC, 
etc. 

[0041] In addition, in case the periodic structure by the above- 
mentioned low dielectric constant ingredient section 11 and the high 
dielectric constant ingredient section 12 is formed, the manufacture 
approach of having which process of a sheet lamination process, a press- 
forming process, presswork, a spreading process, an ink jet process, a 
bubble jet process, a sputtering process, a vacuum evaporationo process, 
a CVD process, a crystal growth process, a photolithography process, an 
etching process, a fusing process, an adhesion process, and a mounting 
process, or the manufacture approach by those combination is used, it is 
thereby, like a semi-conductor process — very complicated — and — 
high — the merit which does not need a cost production process is 
obtained. 
[0042] 

[Example] Hereafter, the transmission line 1 by the gestalt of this 

operation is concretely explained using an example. 

The transmission line 1 equipped with the three-dimensions period 



structure of having a predetermined cut-off frequency band by the 
[example 1] example 1 has the structure shown in drawing 1 and drawing 2 
which were already explained. The BaO-Si02-aluminum203-B-203 system 
ingredient whose specific inductive capacity is 6.4 is used for the low 
dielectric constant ingredient section 11. Specific inductive capacity 
is using both the BaO-Nd203-Ti02-B-203-Zn02-CuO system ingredients that 
are 75.4 for the high dielectric constant ingredient section 12 and the 
waveguide field 13. In the combination by these ingredients, in periodic 
structure, since the ratio of one 11.8 times [ no less than ] the 
specific inductive capacity of this is realizable, a broadband cut-off 
frequency band is realizable. 

[0043] Next, the manufacture approach of the transmission line 1 by this 
example is explained using drawing 3 . Drawing 3 (a) - (d) is a 
perspective view explaining the production process of the transmission 
line 1. As first shown in drawing 3 (a), it distributes to an organic 
vehicle, the fine-particles ingredient which ground and produced the 
Ba0-Nd203-Ti02-B-203-Zn02-Cu0 system ingredient used as the high 
dielectric constant ingredient section 12 is applied on a film with a 
doctor blade method as a coating, and green sheet 12a is produced. 
[0044] Next, as shown in drawing 3 (b), the BaO-Si02-aluminum203-B-203 
system ingredient which is the low dielectric constant ingredient 
section 11 diluted with the organic solvent is distributed to an organic 
vehicle, and a printing coating is created. This coating is printed on 
green sheet 12a. Since this process is the screen-stencil which used the 
screen mask, it can form the low dielectric constant ingredient section 
of desired configuration magnitude like dot form 11a shown in drawing 3 

(b). 

[0045] Three-dimension period structure as shown in drawing 3 (d) is 
producible by piling up green sheet of two or more sheets 12a with dot 
11a produced with the above procedure, as shown in drawing 3 (c), 
supplying it to metal mold, and carrying out a laminating by 
thermocompression bonding. However, the layer which includes the 
waveguide field 13 which broke down periodic structure in either of the 
green sheet 12a which performs superposition contains. Then, the 
transmission line 1 which calcinated the dielectric of a different kind 
at once can be obtained by performing baking after dividing into a 
desired configuration. 

[0046] In this example, since the waveguide field 13 is formed with the 
high dielectric constant ingredient, it is possible for there to be the 
wavelength compaction effectiveness of a propagation frequency and to 
meet the request of downsizing besides the advantage of low transmission 



loss. Since the wavelength in a dielectric is in inverse proportion to 
the square root of specific inductive capacity, compared with using a 
waveguide, 1/8.7 (=l/root75. 4) of miniaturizations can be realized, and 
1/6.0 (root (2.1/75.4)) of miniaturizations can be realized compared 
with the NRD track using Teflon (trademark). 

[0047] The transmission line 1 by [example 2] this example 2 is shown in 
drawing 4 . Drawing 4 is the perspective view showing the transmission 
line 1 equipped with the period structure of-dimensional [ 2 ] of having 
a predetermined cut-off frequency band concerning this example. Specific 
inductive capacity uses the Ba2Ti9020 system ingredient of 38.8 for the 
low dielectric constant ingredient section 11 and the high dielectric 
constant ingredient section 12 which two or more columnar structure 
objects arrange periodically using the Si02 system ingredient whose 
specific inductive capacity is 3.6 in the waveguide field 13. 
[0048] Next, the manufacture approach of the transmission line 1 by this 
example is explained using drawing 5 . Drawing 5 (a) - (e) shows the 
production process of the transmission line 1. First, as shown in 
drawing 5 (a), using the fine-particles ingredient which ground and 
produced the Ba2Ti9020 system ingredient which is the high dielectric 
constant ingredient section 12, it distributes to an organic vehicle and 
green sheet 12a is produced on a film with a doctor blade method as a 
coating. By the same technique, green sheet 11a of the Si02 system 
ingredient which is the low dielectric constant ingredient section 11 is 
also produced. 

[0049] Next, as shown in drawing 5 (b), on green sheet of one sheet 12a 
produced with the high dielectric constant ingredient, low dielectric 
constant ingredient green sheet of two or more sheets 11a is supplied to 
metal mold in piles, and it laminates by thermocompression bonding. 
[0050] Next, it removes until dry etching performs etching using a 
predetermined mask from a substrate top face (it is related with green 
sheet 11a, and is the field of green sheet 12a and the opposite side) 
and high dielectric constant ingredient substrate 12a exposes the low 
dielectric constant ingredient 11 of a predetermined field, as shown in 
drawing 5 (c), and the hole of the shape of two or more cylinder 
arranged periodically is formed. 

[0051] next, it is shown in drawing 5 (d) — as — an epitaxial crystal 
growth method — using — up to a substrate top face — the high 
dielectric constant ingredient 12 — a cylinder-like hole — as it forms 
inside and is shown in drawing 5 (e), the transmission line of the 
period structure of-dimensional [ 2 ] is producible by deleting high 
dielectric constant substrate 12a of the lowest layer. As a hole is not 



formed in a substrate center section, the waveguide field 13 which broke 
down periodic structure is arranged. Then, the transmission line 1 
equipped with the period structure of-dimensional [ 2 ] of having the 
predetermined cut-off frequency band which calcinated the dielectric of 
a different kind at once can be obtained by calcinating, after dividing 
into a desired configuration. 

[0052] In this example, since the waveguide field 13 is formed with the 
low dielectric constant ingredient, besides the advantage of low 
transmission loss, it is effective in speeding up velocity of 
propagation, and can respond to a high-speed communication link. In 
addition, the velocity of propagation in a dielectric medium (phase 
velocity) is in inverse proportion to the square root of specific 
inductive capacity. 

[0053] In [example 3] this example 3, work of the cut-off frequency band 
in the transmission line 1 equipped with the three-dimensions period 
structure of having a predetermined cut-off frequency band is clarified 
with electromagnetic-field calculus. The three-dimensions period 
structure model 2 of this example 3 has the structure shown in drawing 
6 , the ingredient of 4. 0 is used for the low dielectric constant 
section 11, and specific inductive capacity uses [ specific inductive 
capacity ] the ingredient of 42. 4 for the high dielectric constant 
section 12. In drawing 6 , the period of periodic structure, i. e. , main 
spacing of 12 dots of high dielectric constant sections, was set to 
4. 5mm, and the radius of 12 dots of high dielectric constant sections 
was set to 0.80mm (pulse duty factor 0. l). Count precision was high to 
electromagnetic-field calculus, and the time domain finite difference 
method (FD-TD) by which compaction of computation time is achieved was 
used for it. Although the result of the simulation by the above model 
structure was shown in drawing 7 , the cut-'off frequency band with large 
broadband and attenuation was checked. Therefore, in the transmission 
line 1 equipped with three-dimensions period structure, it turns out 
that the cut-off frequency band practical enough is provided. 
[0054] Not only the gestalt of the above-mentioned implementation but 
various deformation is possible for this invention. For example, as 
shown in drawing 8 , three-dimension period structure is also realizable 
by forming the low dielectric constant ingredient section 11 in a mesh 
configuration. Moreover, as shown in drawing 9 , the propagation 
direction of an electromagnetic wave can be changed into arbitration by 
bending the waveguide field 13 to a L character mold, the character type 
of KG, etc. 
[0055] 



[Effect of the Invention] According to this invention the above passage, 
the transmission line equipped with-dimensional [ 2 ] or three- 
dimensions period structure of having a predetermined cut-off frequency 
band suitable for demonstrating a low loss transmission characteristic 
can be offered. Furthermore, the transmission line equipped with- 
dimensional [ 2 ] or three-dimensions period structure of having the 
predetermined cut-off frequency band which was suitable for 
demonstrating a low loss property as effectiveness of this invention can 
be manufactured often [ repeatability ] and cheaply. 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is the perspective view showing the example 1 of the 
transmission line equipped with the three-dimensions period structure of 
having a predetermined cut-off frequency band by the gestalt of 1 
operation of this invention. 

[Drawing 2] It is the sectional view of the example 1 of the 
transmission line equipped with the three-dimensions period structure of 
having a predetermined cut-off frequency band by the gestalt of 1 
operation of this invention. 

[Drawing 3] It is the schematic diagram showing the manufacture approach 
of the example 1 of the transmission line equipped with the three- 
dimensions period structure of having a predetermined cut-off frequency 
band by the gestalt of 1 operation of this invention. 
[Drawing 4] It is the perspective view showing the example 2 of the 
transmission line equipped with the period structure of-dimensional 
[ 2 ] of having a predetermined cut-off frequency band by the gestalt of 
1 operation of this invention. 




[Drawing 5] It is the schematic diagram showing the manufacture approach 
of the example 2 of the transmission line equipped with the period 
structure of-dimensional [ 2 ] of having a predetermined cut-off 
frequency band by the gestalt of 1 operation of this invention. 
[Drawing 6] It is the perspective view of the example 3 of the three- 
dimensions period structure model which has a predetermined cut-off 
frequency band by the gestalt of one example of this invention. 
[Drawing 7] It is the transmission characteristic Fig. of the example 3 
of the three-dimensions period structure model which has a predetermined 
cut-off frequency band by the gestalt of one example of this invention. 
[Drawing 8] It is the perspective view showing the modification of the 
transmission line equipped with the three-dimensions period structure of 
having a predetermined cut-off frequency band by the gestalt of 1 
operation of this invention. 

[Drawing 9] It is the perspective view showing other modifications of 
the transmission line equipped with the three-dimensions period 
structure of having a predetermined cut-off frequency band by the 
gestalt of 1 operation of this invention. 

[Drawing 10] It is the perspective view showing the conventional NRD 
track. 

[Description of Notations] 

1 Transmission Line 

2 Three-Dimensions Period Structure Model 

11 Low Dielectric Constant Ingredient Section 

12 High Dielectric Constant Ingredient Section 

13 Waveguide Field 

81 Metal Plate 

82 Dielectric Strip 
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